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Abstract
Background: Verbal communication in the operating
room during surgical procedures aﬀects team perfor-
mance, reﬂects individual skills, and is related to the
complexity of the operation process. During the proce-
dural training of surgeons (residents), feedback and
guidance is given through verbal communication. A
classiﬁcation method based on structural analysis of the
contents was developed to analyze verbal communica-
tion. This study aimed to evaluate whether a classiﬁca-
tion method for the contents of verbal communication
in the operating room could provide insight into the
teaching processes.
Methods: Eight laparoscopic cholecystectomies were
videotaped. Two entire cholecystectomies and the dis-
section phase of six additional procedures were analyzed
by categorization of the communication in terms of type
(4 categories: commanding, explaining, questioning, and
miscellaneous) and content (9 categories: operation
method, location, direction, instrument handling, visu-
alization, anatomy and pathology, general, private,
undeﬁnable). The operation was divided into six phases:
start, dissection, clipping, separating, control, closing.
Results: Classiﬁcation of the communication during two
entire procedures showed that each phase of the oper-
ation was dominated by diﬀerent kinds of communica-
tion. A high percentage of explaining anatomy and
pathology was found throughout the whole procedure
except for the control and closing phases. In the dis-
section phases, 60% of verbal communication concerned
explaining. These explaining communication events
were divided as follows: 27% operation method, 19%
anatomy and pathology, 25% location (positioning of
the instrument–tissue interaction), 15% direction
(direction of tissue manipulation), 11% instrument
handling, and 3% other nonclassiﬁed instructions.
Conclusion: The proposed classiﬁcation method is fea-
sible for analyzing verbal communication during surgi-
cal procedures. Communication content objectively
reﬂects the interaction between surgeon and resident.
This information can potentially be used to specify
training needs, and may contribute to the evaluation of
diﬀerent training methods.
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Verbal communication during surgical procedures af-
fects team performance, reﬂects individual skills, and is
related to the complexity of the operational process [16,
17]. Survey data collected by Helmreich and Schaefer [9]
support the idea that interpersonal and communication
issues are responsible for many ineﬃciencies and errors.
In aviation, poor interpersonal communication has al-
ready been identiﬁed as a cause of error [8]. In the
operating room, the impact of the communication
contents, the way that information is given (verbally or
by gestures), and the direction of communication (who
communicates with whom) on the surgical process re-
main unclear. Insight into current communication may
improve the overall performance in the operating room,
especially the training process. This insight can be used
to identify training needs, to develop information supply
systems, and to enhance eﬃciency and safety of surgical
team performance. Therefore, a communication classi-
ﬁcation method is needed.
Analysis of verbal communication is diﬃcult. Com-
munication between operating room personnel is not
standardized and thus is susceptible to individual dif-
ferences. Furthermore, the operating room is a complex
environment, and the clinical outcome is inﬂuenced by
many factors such as equipment, workload, individual
(staﬀ) competence, anatomic variations of the patient,Correspondence to: E. M. Blom
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and the like [16]. Employees with diﬀerent backgrounds
must work together as a team, often under time pressure
and sometimes in critical circumstances. The surgeon
operates on a patient in cooperation with an assisting
surgeon or resident, a scrub nurse, a circulation nurse,
and the anesthesiologist. In the educational setting,
intensive and often critical information exchange be-
tween the diﬀerent team members in terms of both
verbal and nonverbal communication takes place.
Gaining insight into current communication in the
operating room calls for a standardized communication
classiﬁcation method.
Diﬀerent methods for analyzing cognitive tasks and
communication have been developed [6, 7, 10]. Hauge
et al. [7] described a method aimed at registering
teaching behavior in the operating room to distinguish
between informing, questioning, responding, and set-
ting tone behavior. Lingard et al. [10] described
investigations of team communication in the operating
room to distinguish patterns that suggest sites of team
tension that inﬂuence overall team performance.
Guerlain et al. [6] developed an extensive software
program to analyze audiovisual data from operation
procedures. Xiao et al. [17] performed quantitative
analysis of team communication based on real-life
trauma patient resuscitation. However, none of these
reported methods are particularly aimed at analyzing
the contents of communication.
To gain insight into the speciﬁc contents of verbal
communication processes, a new classiﬁcation method
was developed at the Delft University of Technology [2].
The current study aimed to evaluate how analysis of the
contents of verbal communication in the operating room
may yield insight into teaching processes. Observations
were made during laparoscopic cholecystectomies.
Methods
Video capturing system
A special video capturing system, developed at the Academic Medical
Centre of Amsterdam [15], was used in combination with a head-
mounted microphone for the surgeon. This video showed three dif-
ferent camera views in the operating room. The ﬁrst was a detailed
view of the surgeons hands. The second showed the endoscopic image,
and the third showed an overall view of the operating room (Fig. 1).
The subjects were aware of this monitoring, but did not know that the
observation was aimed at verbal communication analysis.
Development of the method
After thorough observations of several laparoscopic cholecystecto-
mies, communication was classiﬁed according to its content on the
basis of knowledge gathered during attendance at other procedures.
Videotapes of the attended operations also were observed oﬄine. The
diﬀerent categories were discussed with medical specialists and
researchers.
In a recent study [2], this new classiﬁcation method was improved
and evaluated (70% interobserver agreement, 86% intraobserver
agreement). Analysis of communication cannot be accomplished
without interpretation, and high interobserver agreement values were
diﬃcult to achieve.
Communication classiﬁcation
Four communication types were distinguished: explaining, com-
manding, questioning, and miscellaneous communicating (Table 1).
Additionally, the content of the communication type was classiﬁed into
nine domains: the operation method that should be used (e.g., what
procedural steps, which sequence, with how much force), anatomy and
pathology, the location of a certain action (description of where to
interact with tissue), the direction of the action (in which direction to
push or pull tissue), instrument or operating room instrumentation
handling, visualization (with the endoscope), general, private, and
indeﬁnable.
Fig. 1. Video image view of a recorded
procedure. a Overview of the surgeons
hands and the external parts of the
instruments. b Endoscopic view. c Overall
view of the operating room.
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Not all combinations between type and content are possible. For
instance a combination of commanding (as type) for anatomy and
pathology (as content) does not occur.
In total, communication was divided into 23 categories. All 23
diﬀerent categories were deﬁned precisely. The categories comprise
combinations of type and content domains. For example, ‘‘insert the
lateral trocar ﬁrst’’ is scored as a combination of explaining and
operation method, whereas ‘‘this gallbladder is inﬂamed’’ is scored as
explaining and anatomy/pathology. The explaining and location cat-
egorization is applied for communication such as ‘‘dissect the tissue a
little bit more to the left.’’
In this study, communication aimed at transfer of knowledge from
a senior surgeon to a surgical resident is scored as explaining, even if
these communication events have the sound of commanding. Com-
manding about how to adjust the endoscope is scored as commanding
visualization in any case.
Scoring system
Videotapes were digitized and analyzed. Time, phase of the operation,
type and contents of communication, and direction (who communi-
cates with whom) were scored with the help of a software program
(J-video, University of Maryland, Baltimore, Maryland, USA). The
J-video program, a task analysis program, was adjusted to make it
applicable for the communication classiﬁcation method. The 23 dif-
ferent categories and the possibility of scoring other events of impor-
tance to the procedure were implemented in the software program. The
observer stopped the video immediately after each communication
event to have time to make a proper choice between the categories.
Every tape was scored twice by the observer. The classiﬁcation method
was applied to both the operating surgeon and the resident under
supervision of the surgeon.
Analyzed surgical procedures
Two entire laparoscopic cholecystectomies and the dissection phase of
six additional procedures were videotaped and analyzed. The two en-
tire procedures were performed by a senior surgeon with the assistance
of a surgical resident. Each procedure was divided into six phases, as
shown in Table 2 and previously described by den Boer et al. [4]. Every
phase from the starting phase to the hemorrhage control phase was
recorded. Six other procedures were videotaped, but only the dissec-
tion phase was analyzed. Focus on this phase seemed to be indicated as
the phase in which most manipulations and tissue-instrument inter-
action take place and the most intensive communication in the training
setting is demanded. The dissection phases were performed by six
diﬀerent surgical residents and supervised by a senior, experienced
laparoscopic surgeon.
Results
Results of two entire procedures
The ﬁrst analyzed procedure required 69 min. The res-
ident assisting with this procedure had previously as-
sisted in two procedures during his surgical training. In
the 69 min, 369 communication events were observed
(average of 5.3 communication events per minute). The
second procedure consisted of 238 communication
events in 56 min (average of 4.3 communication events
per minute). The resident assisting with the second
procedure had assisted in more than 10 procedures be-
fore and had performed two procedures himself guided
by another senior surgeon.
Figure 2 shows the scoring frequency per category.
For the two procedures, the average number of com-
munication events per minute was 4.5 (range, 2.2–9.0),
as shown in Table 2.
The distribution of the communication events for the
four types and the nine contents of communication is
shown in Table 3 for both procedures in detail. The
highest percentage is found for explaining (31% for the
ﬁrst and 37% for the second procedure). The second
Table 1. Diﬀerent types, contents, and used combinations in the communication classiﬁcation method
Type Explaining Questioning Commanding Miscellaneous
Content




Instrument handling X X X X
Visualization X X X X
General X X X X
Private X
Undeﬁnable X X





Procedure 1 Procedure 2 Procedure 1 Procedure 2
Start Starts when the operating team disinfects the
skin and drapes the patient
12 10 8.2 4.8
Dissection Starts when ﬁrst instrument is inserted through a trocar 21 11 4.8 5.1
Clipping Starts when the ﬁrst clip is inserted 14 5 3.8 2.2
Separating Starts after last clip is placed 16 10 5.1 3.4
Control Starts after removal of the gallbladder from the abdomen 6 1 5.8 9
Closing Starts when the surgeon starts to close the wounds
and ends after removal of the drapes
18 4.4
Total 69 59 5.3 4.3
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highest percentage is found for commanding. The lowest
percentage is found for questioning. The explaining
events of the surgeon in both the procedures were di-
vided into the diﬀerent content categories shown in
Table 3. The highest percentages are found for operat-
ing method (24% and 33%), anatomy and pathology
(29% and 19%), and instrument handling (23% in the
ﬁrst procedure).
For both the procedures, the diﬀerences in explain-
ing events during ﬁve phases are shown in Fig. 3. For
each phase, the division into the contents of explaining
communication is visualized. The phase in which the
wound is being closed was omitted from consideration
of procedure 1 for the practical reason that the sound
quality turned out to be insuﬃcient. Explaining of
instrument handling is concentrated in the ﬁrst two
phases (start and dissection phases) of the operation.
Anatomy was explained most frequently during the
dissection and clipping phases, whereas explaining the
operation method was scored most often during the last
three phases of the operation.
Results of six dissection phases
The team setting of these procedures varied. Every
procedure was performed by a resident guided by one of
the four senior surgeons involved in this study. The
residents, respectively, had performed 1, 1, 2, 5, 6, and
15 laparoscopic cholecystectomies previously. The
scoring of verbal communication aimed at explaining
during 20 min of the dissection phase is shown in Figs. 4
and 5. Figure 4 shows the division of the explanation
contents per procedure. On the average, 60% of the
communication during the dissection phase of these
procedures was related to explaining. All procedures
Fig. 2. Total number of communication events per type and content as
registered during two laparoscopic cholecystectomies.






Explaining Total 31 37










a Type of communication as observed in two entirely monitored
laparoscopic cholecystectomies
Fig. 3. Distribution of explaining communication events per phase as
registered during two laparoscopic cholecystectomies.
Fig. 4. Distribution of explaining communication events in the dis-
section phases as registered during six laparoscopic cholecystectomies.
Fig. 5. Average distribution of explaining communication events in
the dissection phases as registered during six laparoscopic cholecys-
tectomies.
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show relatively large percentages for explaining of the
operation method category. Procedures 1, 2, 3, and 4
also show high percentages for explaining anatomy and
pathology, whereas procedures 2, 3, 5, and 6 show high
percentages for explaining the location.
These explaining communication events were di-
vided as follows: 27% operation method, 19% anatomy
and pathology, 25% location, 15% direction, 11%
instrument handling instructions, and 3% other non-
classiﬁed instructions, as shown in Fig. 5.
Discussion
This study shows that the described verbal communica-
tion classiﬁcation method is feasible for objective iden-
tiﬁcation of the topics discussed in the operating room.
The results show a high percentage of communication
related to explaining of the senior surgeon to the surgical
resident. Furthermore, explaining communication events
were aimed mainly at operating method, anatomy and
pathology, and instrument handling. Hence, the training
of residents should be focused on these aspects.
Feasibility
It proved feasible to develop a communication classiﬁ-
cation method for verbal communication and to apply it
for analyzing communication contents in the operating
room. The operating room is an environment with
complex communication. The proposed classiﬁcation
method facilitates an understanding of these processes.
This approach, however, is time consuming. Gath-
ering of the data required a specially designed video
capturing system and the presence of a researcher during
the procedure. Nevertheless, with the increasing avail-
ability of commercial operating room concepts involv-
ing integrated audiovisual communication systems, this
process can be fully automated.
Total videotape analyses required approximately
three times the time of the original tape. Because the
method consists of main types and more detailed con-
tents, the classiﬁcation should be done in two steps. The
ﬁrst step should recognize the type, and the second step
should choose the content. Nevertheless, the interob-
server study [2] showed that the classiﬁcation method
was learned quickly by persons with a medical back-
ground (surgical residents), and it is the authors opinion
that the method also can be learned quickly by
researchers without speciﬁc medical training.
The sophisticated environment of the operating room
makes it diﬃcult to get an overview of the process. The
proposed classiﬁcation method facilitates understanding
of the complex communication processes in the operat-
ing room. Although nonverbal communication was not
included in this method, it reﬂects most of the teaching
behavior. It would be interesting to analyze both the
verbal and nonverbal communication optionally in
combination with task analysis, debrieﬁng methods, or
both. However, analysis of nonverbal communication is
even more susceptible to subjectivity and personal
interpretation.
In addition to the proposed classiﬁcation, the dif-
ferent types and contents chosen for a certain evaluation
should depend on the goal of the study. When the
purpose for using the method is clear, new categories
can be added, and unnecessary categories can be omit-
ted. For example, if a researcher is interested only in
teaching procedures, only these categories could be
scored. It is recommendable to use this method for a
larger number of procedures after a more speciﬁc re-
search question has been deﬁned, reducing the amount
of communication items to be analyzed.
Team communication during training
Other authors have analyzed communication in the
operating room [6, 7]. The importance of good com-
munication has been described by Davies [3]. He stres-
sed its value for safe patient care and team performance.
He recommended practicing six components of eﬀective
teamwork (situational awareness, problem identiﬁca-
tion, decision making, workload distribution, time
management, and conﬂict resolution) and self-evalua-
tion of team communication.
Lingard et al. [10] and Minekus et al. [11] reported
on analyses of communication failures Lingard et al.
[10] observed surgical procedures to distinguish between
communication failure events classiﬁed as occasion
(suboptimal timing), content (insuﬃciencies or inaccu-
racies), purpose (lack of resolution), and audience (gaps
in group composition). Neither author, however, sup-
plied a communication analysis tool. Our classiﬁcation
method could facilitate evaluations as suggested. Com-
munication analysis also can be combined with task
analysis [4, 5].
Insight into training needs
Objective assessment of technical skills in the operating
room is an important point of interest in modern sur-
gical teaching. Several methods have been developed for
objective assessment of technical skills in the operating
room [12]. However, technical skills are only part of a
surgeons competence. Assessment of technical skills
needs to be integrated with assessment of cognitive skills
and behavioral characteristics such as team performance
and decision making. Such evaluation addresses surgical
competence as a whole [12].
Aggarwal et al. [1] suggested using a simulated
operating room to train both the technical skills and the
nontechnical skills such as communication. To assess
whether relevant communication is practiced in such a
simulated operating room, insight into real communi-
cation is imperative. Our classiﬁcation method could
provide a framework for this.
The proposed classiﬁcation method shows how sur-
geons teach residents verbally. It shows which topics are
being taught during the diﬀerent phases of the opera-
tion. The content of explaining communication indicates
the topics that should be practiced before the teaching in
the operating room. The high percentages of explaining
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anatomy and pathology (19–34%) found in the analysis
of both entire procedures and the six dissection phases
underscore this (Fig. 4). This suggests a speciﬁc need for
more anatomy and pathology training outside the
operating room. A speciﬁc curriculum could be devel-
oped in which the resident must pass a theoretical test
before or after training on a simulator as well as sub-
sequent simulator tests before working in the operating
room. Another solution for this speciﬁc deﬁcit may be a
digital perioperatively available anatomic atlas to en-
hance and to structure training in the operating room.
More than 25% of explaining communication events
is aimed at explaining the location of instrument–tissue
interaction (Fig. 4). The surgeon guides the resident
verbally through the procedure by describing exactly
where to interact with tissue. Because it is impossible in
minimally invasive surgery to point directly to the
structures of importance, the surgeon must indicate
them by describing color, shape, and the like, which can
be complicated and can lead easily to misinterpretation
by the receiver. It may be interesting to develop a new
‘‘pointing tool.’’ An inexpensive solution may be a
sterile laser pointer for pointing to the video monitor. If
the surgeon is not scrubbed in, then a ‘‘telestrator’’ can
be used on the video monitor.
The development and the eﬀect of using new training
tools and methods such as Internet-based education,
simulators, and videoconferencing [1, 13] could be sup-
ported and evaluated with this verbal communication
analysis method. The information gained by analyzing
verbal communication may be applied in a simulator
training curriculum. For instance, when a certain
instrument–tissue interaction (e.g., placing a clip on the
cystic duct) either does not occur or occurs in the
incorrect place (error), the ‘‘explanation’’ used in the
operating room can be incorporated into the simulator
as proximate (immediate) feedback.
The outcome of our analyses may have been inﬂu-
enced by personal characteristics of the surgical team.
Subtle diﬀerences were found in the six analyzed dis-
section phases. These can be explained by diﬀerences in
the patients, the surgeons style in guiding the procedure,
and the education level of the resident. However, our
objective analysis was able to identify types of commu-
nication that took place in most procedures irrespective
of the diﬀerences in the composition of patients and
teams.
Objectivity
Communication cannot be analyzed without interpreta-
tion. Hence, our communication analysis contains sub-
jective aspects, although these were largely avoided by
using a strict thesaurus, making the method more
objective. In a previous study [2], we found an interob-
server agreement of 0.7 using this method, which is lower
than can be achieved when events or tasks are identiﬁed
[14] or only types of verbal communication [2, 7]. The
agreement in our study is considered satisfactory for
giving insight. However, for judgment or for qualifying
surgeons/residents, this method must be used with care.
Nevertheless, a wide individual variety exists be-
tween surgeons and residents. Sometimes it can be
confusing to distinguish between the diﬀerent types of
events. Commanding communication events can be
wrapped in questions, and explaining events may have
the sound of commanding. For topics such as anatomy,
on the one hand, the right classiﬁcation is obviously
explaining. On the other hand, it is almost impossible to
distinguish between explaining and commanding for the
content ‘‘visualization.’’ Therefore, we decided to cate-
gorize as commanding all explaining and commanding
in combination with the content ‘‘visualization.’’
There is a wide range of application for such a
classiﬁcation method, and it can be speciﬁcally beneﬁcial
for identifying the diﬀerent ongoing processes in the
operating room. The method for analyzing verbal
communication also could be applied for noneduca-
tional settings such as team performance assessment,
which is an important aspect of improving quality.
Conclusion
The proposed classiﬁcation method was developed and
used to analyze verbal communication during laparo-
scopic cholecystectomy. Communication content objec-
tively reﬂects the interaction between surgeon and
resident. Insight into communication contents may be
used to specify training needs, and may contribute to the
evaluation of diﬀerent training methods. This study
indicates the possibilities for larger research programs
aimed at analyzing verbal communication.
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